Introduction
Image-based representations for illumination are able to capture complex real-world lighting that is difficult to represent in other forms. To date, the direction of most work for sampling from lighting has been an importance sampling strategy based on the energy distribution in the EM. This approach performs poorly for highly specular surfaces, where samples have a low probability of lying within the specular lobe. Similarly, if importance sampling is performed solely from the BRDF of the surface, then the sampling will not perform well for high-frequency EMs. We, therefore, introduce bidirectional importance sampling, a method that samples visibility according to an importance derived from the product of BRDF and EM illumination.
Sampling Algorithm
Agarwal et al.
[ARBJ03] introduced an importance sampling method for EMs that uses both the energy in the EM and the solid angle separating the samples. Veach and Guibas[VG95]'s approach is also similar, though restricted to mixing samples taken from either the light source or the BRDF. Our method goes further than previous work by sampling directly from the product of the two.
Drawing samples from the product distribution is challenging because the relevant 2D slice of the BRDF varies from point to point. Compounding the challenge is the fact that the EM is usually represented relative to a global coordinate frame, while the BRDF is expressed in a local frame that changes with surface orientation. Precomputation is, therefore, not feasible.
Our solution uses a combination of rejection sampling and importance sampling. Samples are generated according to the product distribution with rejection sampling, and then used to estimate local illumination with an importance sampling method.
Consider the local illumination integral
where L i is the illumination from the EM, f r is the BRDF, and V is the binary visibility term. Conventional approaches perform importance sampling either from the EM according to the probability density function (PDF)
or from the BRDF according to a similar expression. Either sampling strategy produces noise if both the BRDF and the illumination contain significant high frequency information. Our approach is to reduce variance by sampling directly from the product distribution
where the normalization term L ns is the exitant radiance in the absence of any shadows: 
In order to create samples
We then generate random samples ω i, j ∼ q(ω i ), and accept them with a probability of p(
A simple choice for c is the global maximum of the BRDF as a conservative estimate of its contribution; namely,
and q L is the EM importance alone, which can be sampled in constant time. In order to accept N visibility samples, we create M ≈ f max · N EM samples ω i, j and accept each sample individually with probability
Both this formula and the final radiance estimate of Eq. 5 require the normalization term L ns from Eq. 4 that can be estimated using information already computed during the rejection sampling:
3 Conclusion
By providing a means of sampling from a more complex target distribution, our method is able to achieve lower variance in the renderings of scenes with high frequency lighting and specular BRDFs, as compared to traditional importance sampling strategies. For images of comparable variance, our approach is over an order of magnitude faster than standard importance sampling.
